STRUCTURE FUNCTIONS from HERA

Bjorken Scaling

Scaling Violation by gluons

High Q^2: pQCD and Electroweak Studies

Low Q^2: transition to γp

Low x: Increasing gluon content

D. Reyna (DESY) QCD00, 7 July 2000

SF in Deep Inelastic Scattering

(γ, Z, W^±) e^′, ν 4-momentum transfer: Q^2 = −q^2 = −(k − k^′)^2

Parton Momentum: x =^{Q2}_{2p·q} Energy Transfer: y =^{p·q}_{p·k} γ^∗P center-of-mass:

W^2 = (q+p)^2 ≃^{Q2}_x (1−x) k^′ k

p q

d^2σ^{e±P} dxdQ^2 = K [ Y_+F_2 ± Y_−xF_3 − y^2F_L ]

Only significant at high-y (high-x)

Y_± = 1 ± (1 − y)^2 K_{NC} = 2πα^2 Q^4x K_{CC} = G^2_F 4πx ( M^2_W M^2_W + Q^2

)_2

Reduced Cross Section: σ̃^± ≡^1_{KY+}^{d2σ±}_{dxdQ2} ≃ F_2

HERA Kinematics

High-x,Q^2 Valence Region: (σ_{CC} , xF_3)

High Precision: (Scaling, F^{charm}_2 )

Low-x, High-y (F_L)

Low-Q^2 Transition Region

High-Q^2 Charged Current

σ̃^{e−P}_{CC} = x ( u + c + (1 − y)^2(d̄ + s̄) ) σ̃^{e+P}_{CC} = x ( ū + c̄ + (1 − y)^2(d + s) )

Botje, Eur.Phys.J.C14 (2000) 285

QCD fit using HERA+E665+NMC including correlated errors

F_2 from Neutral Current DIS

(γ,Z)

d^2σ^{e±P}_{NC} dxdQ^2 = 2πα^2 Q^4x [ Y_+F^{NC}_2 ± Y_−xF^{NC}_3 − y^2F^{NC}_L ]

x ∑ A_f (Q^2)[q + q̄] Couples to all quarks

∝^1 4sin2θW cos2θW Q2 Q2+M 2Z Parity Violation

Longitudinal Cross Section Sensitive to Sea and gluons

Reduced Cross Section: σ̃^±_{NC} ≡^{xQ4}_{2πα2}^1_{Y+}^{d2σNC}_{dxdQ2}

High-Q^2 in Neutral Current (xF_3)

Parity violation clearly visible

• First extraction of

xF_3 ≃ σ̃^− − σ̃^+ from bare proton

• Error limited by

small electron sample: L^− <^1_2L^+

• Consistent with

QCD calculations

Charm in F_2 – Scale for pQCD

Boson Gluon Fusion D^∗

Very effective test of QCD

Measure Inclusive F_2

Extract xg(x)

Calculate xg(x)⊗BGF

Measure visible D^∗

Extrapolate to full Kinematics σ^{CC̄} F^{charm} 2

F^{charm} 2 Results

Stronger Scaling Violation ⇒ gluons

glue glue+sea decreases as Q^2 → 0

Extremes (low-x) – F_L Extraction

(Better Access to Sea)

Subtraction Method: for high y

σ̃ = ( F_2 −^{y2}_{Y+}F_L )

QCD Fit to data at intermediate kinematics

Exp Data

Derivative Method:

for low Q^2 ∂σ̃ ∂ log y ≃ ∂F2 ∂ log y − FL 2y2(2−y) Y 2+

Assume F_2 ∼ x^{−λ} ∼ (_1 y )_{−λ}

F_L Results

Derivative Method Subtraction Method

Two methods are consistent F_L compatible with QCD prediction (tendency for F_L > F^{QCD}_L at highest y)

Extremes (low Q^2) – Transition to γP

σ^{γ∗P}_{tot} (W, Q^2) ≈^{4π2α}_{Q2} F_2(x, Q^2) ≈^{M 20}_{M 20 +Q2}σ^{γP}_{tot} (W )

{

GVDM

Regge =⇒ ⇐= pQCD

Extrapolations to γP difficult

Extremes (low Q^2) – Critical Region

Regge =⇒ ⇐= pQCD

F_2 Pushing the Envelope

• HERA achieves high precision:

Systematics and Theory dominate many errors

• NLO QCD describes data well even down to very low scales Q^2 ∼ 1 GeV^2 (accident?)

• Current and future data will allow more constraint on the extreme regions (low x,Q^2 and high x,Q^2)